This work aims to investigate reproductive biology of the Atlantic mackerel (Scomber scombrus L. 1758) to provide biological base for management of its fisheries in the Mediterranean coast of Sinai, Egypt. Monthly samples of S. scombrus were collected from the commercial catch in different landing sites of the Mediterranean coast of Sinai during 2019. The length-weight relation was found as W= 0.0116 L 2. 9556 , W= 0.0077 L 3. 091 and W= 0.0094 L 3.022715 for males, females and combined sexes respectively. Overall sex ratio (males: females) was 1: 1.4 during the period of study. Gonado-Somatic Index (GSI) of females showed that S. scombrus spawn during March, April and May, since GSI peaked in these months (6.5, 7.2 and 5.2 % respectively). The lowest value of GSI of females was recorded in October (0.05%). Lengths at first sexual maturity (L m ) were determined as 23.2 and 23.4 cm for males and females respectively. The absolute fecundity (F) was increasing with the fish length and described by a power equation: F = 0.0014 L 5. 6414 . The relative fecundity gradually increased from 2481.8 to 7599.3 eggs per cm (average 4748.9 eggs / cm). To protect and maintain the stock of Atlantic mackerel in the Mediterranean coast of Sinai, it is recommended to ban using fishing nets of illegal mesh sizes and other destructive fishing methods which catch small fish sizes. Length at first capture should be larger than length at first sexual maturity (> 23.4 cm) and ban fishing nets targeting S. scombrus during its spawning season (from March to May). less than 200 m. They are a classic shoaling fish, with shoals of up to 9 km long, 4 km wide, and 40 m deep being reported (Lockwood, 1988) . The catch of this species has been decrease in the Adriatic Sea at the beginning of the 1970s (Sinovcic, 2001; Azzurro et al., 2011; Barausse et al., 2011) . It is an important food resource for larger pelagic predators, including sharks and marine mammals, and a variety of sea birds (Dahl and Kirkegaard, 1986) .
Descriptions of reproductive strategies and evaluation of fecundity are essential topics in the study of the biology and population dynamics of fish species and also for estimating the reproductive potential of individual fish species (Shalloof and Salama, 2008; Costache et al., 2011) . Moreover, the availability of data concerned with reproductive parameters and environmental fluctuation could lead to a better understanding of observed variations in reproductive output and increase our ability to estimate recruitment (Kraus et al., 2002) .
Egypt is considered the second top ten countries consuming Mackerel (Scomber scombrus) (El-Dengawy et al., 2017) . The production of these fish from the Mediterranean coast of Sinai ranged from 4 tons to 75 tons with an average of 22.1 tons per year. There are fluctuations in the production of these fish (GAFRD, 2018) .There are no recorded biological studies or any other studies concerning this species in Egypt. So, the present study, for the first time, provides information on Length-weight relationship, condition factor, sex ratio, gonadosomatic index, length at first maturity and fecundity of the Atlantic Mackerel (S. scombrus) in the Eastern Mediterranean of Egypt. These details are needed for increasing better rational exploitation, planning and management execution of this species.
MATERIALS AND METHODS
From the Eastern Mediterranean, El-Arish port, 1106 samples of Atlantic mackerel S. scombrus (Fig. 1) were collected during the period from January to December 2019, from the catches by the Purse -seine nets. The relationship between length and weight was described by the potential equation Ricker, 1975) , where W is the total weight (g), and L is the total length (cm), a and b are constants. The condition factor (K) was calculated monthly by the formula K = (W * 100) / L 3 as cited by Azab et al., (2019) Where: K = condition factor W = weight in gram, and L = length in centimeter.
The Gonado-Somatic Index (GSI) was calculated by equation of Albertine-Berhaut (1973) as follows: GSI = (Gonad Weight / Body Weight) *100.
Probability of capture against mid-length a resultant curve was used to compute the length at first capture (L c50 ) as recorded by Olopade et al., (2019) .The length at first capture L c50 (the length at which 50% of fish retained in fishing gear) was estimated by fitting the capture curve between the observed points of mid-class interval and the percentage of capture probability of fish corresponding to each length interval. Then L c50 was estimated as the point on the X-axis corresponding to the 50% point on the Y-axis.
To estimate the length at first maturity, the total body length was plotted against the frequency percentage of mature individuals during the spawning season, and then the length at 50% consider as the length at first maturity (Sendecor, 1956) .
The absolute fecundity (F abs .) is defined as the number of mature eggs in the ovaries during the spawning season. 61 mature ovaries were used to determine fish fecundity. Mature ovaries were taken, washed, dried and weighted. Then the ovarian tissue was removed and the net eggs weight was obtained. Eggs were well mixed, and three subsamples were weighted and counted under the microscope. Total fecundity was calculated according to Yeldan and Avsar (2000) as: F abs . = [(Gonad weight* Egg number in the subsample)/ Weight of subsample]. The relative fecundity (F rel. ) was calculated as: F rel . = F abs . / (Total length or Body weight).
RESULTS
A total of 1106 Atlantic mackerel S. scombrus from the Eastern Mediterranean, ranged from 12.3 to 30.9 cm, and the observed total weight from 15 to 261 g were collected. The lengthweight relationship was described by the power equation as: W= 0.0116 L 2.9556 (R 2 = 0.8924), W= 0.0077 L 3.091 (R 2 = 08826) and W= 0.0094 L 3.0227 (R 2 = 0.8869) for males, females and combined sexes respectively (Figs.2, 3 and 4). 
Condition Factor:
The mean condition factors for males, females and combined sexes were nearly similar. Lower condition factor values (K) were recorded in December while the highest values were observed in March (Fig. 5 ). 
Sex ratio:
It was seen from sex distribution in Table ( 1) that the two sexes did not occur in the same proportion, since females predominated during all months except in May and June, since it has constituted more than 50 % of the collected sample during the period of study. The overall ratio of males to females (M: F) was 1: 1.4. This means that the existed number of females was relatively higher than males. Regarding to fish length, it was noticed that female"s individuals were outnumbered males for all length groups except in the length groups 12, 13, 26, 29 and 30 cm, where the males outnumbered females (Fig. 6 ). 
Gonado-Somatic Index (GSI):
Gonad development was followed using the GSI. The reproduction period (expressed by GSI) of S. scombrus was determined to be in March, April and May. The monthly changes in males and females GSI of S. scombrus were represented in Fig. (7) . GSI values of males were lower than females, and the lowest value of GSI of males (0.06) was recorded in October, and then started to increase slightly from November. On the other hand, highest value of GSI (7.2 and 5.2) was recorded in April of females and males respectively. Values of GSI of females showed a similar pattern that of males. It attained the lowest value (0.05) in October. The length at first maturity (L m ) was determined as 23.2 and 23.4 cm for males and females respectively (Fig. 8) . The length at first capture (L c ) was determined as 20.0 cm for males, females and combined sexes ( Fig. 9 ). Fecundity:
The relation between fecundity (absolute and relative) with body size (total length) and body weight of S. scombrus were calculated. The results showed that the number of eggs gradually increased by increasing fish length or weight, since fish of 22 cm (131.5 g) bears about 54600 eggs, reaching maximum of about 229500 eggs for a fish of length 30.2 cm, (212 g.). The relationship between absolute fecundity and total length in (Fig.  10) was represented by power equation of the form: F= 0.0014 L 5.6414 (R 2 = 0.8822). Also the relationship between absolute fecundity and the body weight of S. scombrus (Fig. 11) was represented by the following linear regression: F= 1176.9 W -97733 (R 2 = 0.7429). The relative fecundity gradually increased from 2481.8 to 7599.3 eggs per cm (average 4748.9 eggs/ cm).
DISCUSSION
Mackerel fish are important fishery resources, extremely distributed in the Pacific coast of Japan, East China Sea, and zones of Indian (Zhang and Deng, 2012) . The total length distribution of the samples in the present study varied between12.3 to 30.9 cm. These lengths were 12.0-27.0 cm in the Sea of Marmara as recorded by Bal and Türker (2019) .
The "b" values of length-weight relationship in fish is specific and varies with sex, age, seasons, physiological conditions, growth increment and nutritional status of fish, health, habitat, nutrition, environmental conditions (such as temperature and salinity), area, degree of stomach fullness, differences in the length range of the caught specimen, maturity stage and techniques of sampling fishing gear (Le Cren, 1951; Tesch, 1968; Bagenal and Tesch, 1978) . In the present study, the calculated value of "b" for length and weight relationship of S. scombrus was 3.0227 for combined sexes. The correlation coefficient was close to one suggesting a good adjustment between length and weight of Atlantic mackerel S. scombrus which were of expected range. These results were nearly equal with results obtained by Santos et al. (2002) and Froese and Pauly (2003) , where the (b) values were 3.079 and 3.084 respectively. Our results are lower than which obtained by Mendes and Campos, (2004) and Morse (1980) since the b values were 3.258 and 3.275 respectively, but much lower than that the obtained by Sinovicic (2001) . The latest author reported that, the b value of S. scombrus in the Adriatic Sea was 3.7685. Costa et al. ( 2017 ) mentioned that the ( b) value of length weight relationship of Atlantic mackerel (S. scombrus ) from 2009 to 2013 in west coast of Portugal ranged from 3.313 to 3.903 and 3.00 to 3.626 of males and females respectively .These differences in b values may be due to changes in ecological conditions , feeding habits, mesh sizes and sizes of collected samples.
The mean condition factors of males, females and combined sexes in the present study were likely the same. Lower condition factor values (K) were recorded in December (0.9052) while the highest values were in March (1.2973). In the present study, spawning period of the studied species recorded from March to May. This means that, elevation in condition factor of S. scombrus coincide with spawning season. Condition factor (K) of S. scombrus in Sea of Marmara, Turkey was calculated as 0.938, 0.909 and 0.947 for females, males and all samples respectively (Bal and Türker, 2019) .
The sex ratio of S. scombrus was not present in the same proportion throughout the different months of the year. The females are dominant during most of the year, except in May and June. Also, the overall of sex ratio of S. scombrus was about 1.0:1.4. Our results different than the result by MacKay (1979) , since sex ratio of S. scombrus in North Sea coast (1.0: 1.06). Our results are fairly close to the results obtained by Moores et al. (1975) from the Newfoundland area (1.0: 1.25). The sex ratio (F: M) of S. scombrus in the Sea of Marmara, Turkey of the population was found to be 1:0.94. (Bal and Türker, 2019) . Shafi and Quddus (1974) reported that the number of male and female varied greatly from month to month and the difference may largely be due the selective gear used. However, it is not clear which factors might be responsible in the variation of male and female population distribution. Also according to Beevi and Ramachandran (2005) , a rising temperature and moderate water velocity, vulnerability of female to their predators and other natural hazards, migratory phase in brooder population are some of the causes for the change in the sex ratio in fishes. The presence of more female in most of the months may be due to vulnerability of female (Bhatnagar, 1972) .
The analysis of gonado somatic index values provides fundamental -information regarding to the measure of gonad size relative to body weight (Wootton, 1990) and also the studying of the spawning season (Ahirrao, 2002) .
The monthly changes in GSI suggest that this species have spawning period extends from March to May. The pattern of changes in GSI of males is almost similar to that of females. The gonads were in the resting stage of maturity during September, October and November. In the present study, Gonado-Somatic Index (GSI) of Atlantic mackerel S. scombrus in the Mediterranean coast of Sinai ranged from 0.05 to 7.2 in females and from 0.06 to 5.2 in males of. These results lower than that obtained by Meneghesso et al., (2013) in northern-central Adriatic Sea, since GSI ranged from 0.01 to 9.20 in females and from < 0.01 to 8.58 in males.
Mackerel (Scomber scombrus) is a migrant type. Spawning followed by migration of adults belongs to the southern and western areas to feed zones in the Norwegian Sea and the North Sea, El-Dengawy et al., 2017. There are two spawning contingents; a southern group that spawns primarily in the Mid-Atlantic Bight and Gulf of Maine from mid-April to June and a northern contingent that spawns in the southern Gulf of St. Lawrence from the end of May to mid-August .The southern contingent begins the spring spawning migration by moving inshore between Delaware Bay and Cape Hatteras, usually between mid-March and mid-April depending to some extent on water temperature (Berrien, 1982) . L m50 is an important characteristic of life history essential for prosperity of fishery management, fundamental to establishment of the means that avoid exploitation of young specimens and consequential reduction of spawning stock (Penha and Mateus, 2007) . In the present study, the length at first maturity L m05 of S. scombrus in the Mediterranean coast of Sinai during 2019 was 23.2 and 23.4 cm for males and females respectively. These results differ from the results obtained by DFO Science (1997) in the northwest Atlantic (L m50 = 28.2 cm)
In the present study, the fecundity of Atlantic mackerel S. scombrus ranged from 54600 to 229500 eggs in fishes sized between 22.0 -30.2 cm. These results nearly agree with the results obtained by Meneghesso et al., (2013) , since fecundity ranged between 40 000 and 190 000 eggs. The fecundity (F) of S. scombrus in the North sea range from 130,000 to 1,100,000 eggs in fishes between 28.5-46.0 cm Total length (TL) (Macer,1976) , in northwest Atlantic from 285,000 to 1,980,000 eggs for fish between 307 and 438 mm FL ( Morse,1980 ) . Siddiqui et al. (1997) pointed out that, fecundity increased with increased feeding levels. Increased food availability improved body condition and by extension enhanced reproduction (Fagade et al., 1984; Offem et al., 2007; Olele, 2010) . In addition, marked variations in fecundity among species often reflect different reproductive strategies (Murua and Saborido-Rey, 2003; Shalloof and Salama, 2008) .
The absolute fecundity was increased with a total length and described by power equation F = a L b as F = 0.0014 L 5.6414 . Values of the constants (a and b) may vary according to the studied population and to environmental variations (Kartas and Quignard, 1984) . Also, they recorded that the fish condition, varies with region or year. In the present study, the relationship of absolute fecundity and weight was found to be linear, indicating that the number of ova increased generally with increase in weight of fish. Griswold and Silverman, (1992) found that the relationship between total length and fecundity of Atlantic mackerel (S. scombrus) by equation F = 0.00311 * TL 3.169 .
The principal methods for optimizing yield and preventing overfishing include regulation of length at first capture and regulation of effort or catch. This involves establishing the optimum size at capture in order to permit a cohort of fish to grow to its optimum biomass and to reproduce. One can define (L c ) to be the size of full vulnerability to the commercial gear and compute the mean length of fish larger than L c . However, this means that fish smaller than L c will faced some fishing mortality, and thus changes in fishing effort may influence the number of fish reaching the size L c . As a practical case, this will be important. The length at first capture L c of of Atlantic mackerel (S. scombrus) was estimated as 20.0 cm for combined sexes, females and males. From this study, it was found that, most of the fishing operation in the area of study target S. scombrus at sizes lower than the length at first sexual maturity (L m50 ). Hence, there is jeopardy to the Atlantic mackerel stock (S. scombrus) later.
CONCLUSION
The results showed that the spawning season of the studied species was from March to June, and the most of studied species is caught before its sexual maturity, so there is a high risk imposed on this species. To reserve S. scombrus, some regulations should be applied as: 1-Stop fishing during the reproduction period of these fish from March to June. 2-Enlarge the mesh size of the Chanchula nets purse seines that catch these fish to allow the passage of fish whose length is less than the length at maturity 23.4 cm.
